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A portable infra-red gas analyser was used to investigate the interactive effects of light, temperature, and 
C02/~ ratios under controlled environmental conditions in an attempt to model gas exchange characteristics 
of Goix /achryma-jobi L. Plotting light response curves as a function of temperature (20, 25, 30 and 35°C) 
revealed no sign of light saturation even at a photosynthetic photon flux density (PPFD) close to 2000 J.Lmol 
m-2 S-l. High net assimilation rates (A) of approximately 24 J.Lmol CO2 m-2s-1 were realized at 30 - 35°C. 
Assimilation (A) versus internal CO2 partial pressure (~) curves showed a steep rise in A with increase in ~ 
but saturated at approximately 150 J.LI r 1 and the effect was similar in either the absence or presence of O2• 
under all temperature regimes. G. /achryma-jobi exhibited low CO2 compensation points (r) between 0 and 
10 J.LI 1-1 at either 0 or 21% O2, The slopes of double reciprocal plots of 11A versus 1/~. were nearly identical 
and crossed the y-intercept at almost identical points under all O2 concentrations. This data indicated that 
there was no apparent O2 inhibition and that the apparent inhibitor constant (1<) for O2 at the site of 
carboxylation did not change with an increase in [02] from 0 to 21 %. These observations were further 
confirmed by results obtained from the analysis of apparent carboxylation efficiency where no inhibition of A 
with increase of [02] occurred. These characteristics are thus consistent with typical features of C4 
photosynthesis. 
'n Draagbare infrarooi-gasanaliseerder is gebruik om die wisselwerking van lig, temperatuur en C02/02-
verhoudings onder gekontroleerde omgewingstoestande te ondersoek in 'n poging om gasuitruilings-
eienskappe van Goix /achryma-jobi L. te demonstreer. Die stip van ligreaksiekrommes as 'n funksie van 
temperatuur (20, 25, 30 en 35°C) het geen teken van ligversadiging getoon nie, selfs nie by 'n fotosintetiese 
fotonvloeidigtheid (PPFD) na aan 2000 J.Lmol m-2s-1 nie. Hoe netto assimilasietempo's (A) van sowat 24 
J.Lmol CO2 m-2s-1 is by 30 - 35° bereik. Krommes van assimilasie (A) versus interne CO2 parsiele druk (Gj) 
het 'n skerp styging in A getoon met toename in ~, maar was versadig by ongeveer 150 J.LI 1-1, en die effek 
was dieselfde in die aan- of afwesigheid van O2, onder aile temperatuurtoestande. G. /achryma-jobi het lae 
CO2-kompensasiepunte (r) vertoon tussen 0 en 10 J.LI 1-1 by 0 of 21 % O2, Die hellings van dubbel-
omgekeerde krommes van 11A versus 1/~ was byna identies en het die y-intersep by feitlik identiese punte 
onder aile 02-konsentrasies gekruis. Hierdie data dui daarop dat daar geen duidelike 02-inhibering was nie 
en dat die klaarblyklike stremmingskonstante (K;) vir O2 by die plek van karboksilasie nie met 'n toename in 
[02] van 0 tot 21 % verander het nie. Hierdie waarnemings is verder bevestig deur resultate verkry van die 
ontleding van klaarblyklike karboksilasie-doeltreffendheid waar geen inhibering van A met toename in [02] 
voorgekom het nie. Hierdie eienskappe kom dus oareen met tipiese kenmerke van C4-fotosintese. 
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Introduction 
The major objective of this study was to investigate the 
interactive effects of light, temperature and CO2/02 ratios on 
the photosynthetic characteristics of Coix lachryma-jobi L. 
To date, researchers have generated photosynthetic models 
using the data obtained from in vitro studies of isolated 
chloroplast and enzyme components (Farquhar 1979; Farqu-
har et al. 1980; Gutschik 1984; Farazdaghi & Edwards 
1988; Sage 1990). However, these models have been based 
mainly on enzyme kinetics, whole-chain transport and the 
energy requirements of RuBP regeneration. The models may 
be criticized on the basis that they may overestimate 
photosynthetic responses and fail to simulate all conditions 
associated with whole-leaf photosynthesis (Tenhunen et al. 
1980; Monson et al. 1984; Terashima & Saeki 1985). 
Nevertheless, these models have been used with consider-
able success in simulating the photosynthetic responses, 
particularly in C3 species such as soybean (Harley et al. 
1985, 1986). 
In the early 1970s, emphasis was placed on combining the 
internal physiological processes and environmental paramet-
ers in photosynthetic studies (Laetsch 1974, & references 
cited therein). A series of papers on whole-leaf photosyn-
thesis has subsequently been published (Chartier & Prioul 
1976; Tenhunen et al. 1980; Monson et al. 1984; Harley et 
al. 1985). The aim of these models of whole-leaf photo-
synthesis was to incorporate the three major environmental 
factors (irradiance, temperature and carbon dioxide), in an 
attempt to use them predictively in ecophysiological studies. 
Similar studies have been reported for C3 species (Tera-
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shima & Saeki 1985; Harley et al. 1986), but little appears 
in the literature for C4 species (Farquhar & von Caemmerer 
1980). Most of the gas exchange characteristics observed for 
C4 species, using intact leaves, have been described using 
models based on known biochemical and anatomical charac-
teristics (Berry & Farquhar 1977; Farquhar & von Caem-
merer 1980; Morot-Gaudry et al., 1980). 
Controversy exists concerning the effect of [02] on C4 
photosynthesis. The CO2 pump through the C4-dicarboxylic 
acid pathway is thought to increase the CO2/02 ratio in 
bundle sheath cells, thus preventing oxygen inhibition of 
photosynthesis (Zelitch 1971; Hatch & Osmond 1976). 
Whilst inhibition of photosynthesis by atmospheric Ch has 
not been reported generally for C4 plants (Morgan & Brown 
1979), Forrester et al. (1966) reported a slight inhibition of 
photosynthesis by O2 in C4 monocotyledons such as Zea 
mays. This was subsequently confIrmed by other research-
ers, who conducted similar experiments (Canvin et al. 1980; 
Berger & Fock 1983; Edwards & Krall 1990). These studies 
indicated that despite the high concentration of CO2 in the 
bundle sheath cells, a limited but undetermined amount of 
Ch is presumably utilized by C4 plants through RuBP, since 
evidence exists for function of the C2 pathway in these 
plants. Therefore, the signifIcance of O2 inhibition of photo-
synthesis in the C4 plants remains unresolved. 
The present study aimed to extend available information 
concerning the interactive effects of light, temperature and 
COJCh ratios in whole-leaf photosynthesis of C. lachryma-
jobi, a C4 NADP-ME species (Ellis 1976), grown under 
controlled laboratory conditions. 
Materials and Methods 
Plant material and growth conditions 
All plant material used for this study was collected in the 
Amatole Mountains, Hogsback, eastern Cape. Individual 
vegetative adult specimens were potted in plastic pots 
containing potting soil (pH of approximately 6.2), and 
placed in a glasshouse. During the first few weeks of 
regrowth, the plants were watered twice daily, and thereafter 
three times a week. No additional nutrients were supplied. 
Abbreviations 
A 
ACE 
Amax 
AQE 
Ci 
[C~] 
Ki(~) 
KM (C02) 
KM(02) 
NAR 
[~] 
PEP 
PEPC 
PGA 
Rd 
Rubisco 
RuBP 
r* 
r 
Assimilation of CO2 per unit leaf area 
Apparent carboxylation efficiency, calculated from 
the initial slope of the AICi function/curves 
Maximum net assimilation 
Apparent quantum efficiency 
C~ concentration in the leaf intercellular spaces 
Carbon dioxide concentration 
Inhibitor constant for oxygen at the site of carboxy-
lation 
Michaelis constant for CO2 
Michaelis constant for O2 
Net assimilation rate 
Oxygen concentration 
Phosphoenolpyruvate 
Phosphoenolpyruvate carboxy kinase 
Phosphoglycerate 
Dark respiration rate 
Ribulose-l,5-bisphosphate carboxylase/oxygenase 
Ribulose 1,5-bisphosphate 
C~ compensation point of photosynthesis 
Light compensation point 
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At maturity, 4 - 6-week-old plants were transferred to a 
controlled-environment cabinet (Conviron EF-7H, Control-
led Environments Ltd, Winnipeg, Canada), which was set at 
25°C/18°C day/night, respectively, with a 14-h photoperiod 
and 60% day/night relative humidity (RH). The photosyn-
thetic photon flux density (PPFD) in the Conviron was 
appro~imately 400 J.lmol m-2 s- l • Plants were allowed to 
acclimatize under these conditions for two weeks prior to 
the measurement of leaf gas exchange. 
Leaf gas exchange measurements 
Plants of the same age (4 - 6 weeks old) were used and all 
gas exchange measurements were performed on the fully 
expanded fourth visible leaf, counting from the apex of the 
plant. An attached leaf was clamped in a broad-leaf chamber 
[ADC PLC (B) Parkinson broad-leaf chamber]. The flow 
rate of the gas stream over the leaf was kept constant at 350 
ml min-I, using an ADC ASUM mass flow meter. The gas 
exchange measurements were taken at IS-min intervals, 
after the achievement of steady-state conditions, using an 
LCA-2 portable infra-red CO2 gas analyser (IRGA) coupled 
to an ADC DL-2 datalogger. The IRGA was set up in differ-
ential mode, in open circuit. (All IRGA components were 
manufactured by Analytic Development Co. Ltd., Hoddes-
don, Herts., U.K.) The IRGA was calibrated weekly using 
bottled gas (Fedgas Alrode, Port Elizabeth, S.A.) with a 
known CCh concentration (400 J.ll 1-1), for the duration of 
the experiment. 
Light response experiments 
For light response experiments, actinic light (J.. 400 - 700 
nm) was provided using a Phillips (SON-T) high-pressure 
400-W sodium lamp with a maximum PPFD in excess of 
2000 J.lmol m-2s-l • To achieve the required light intensity, 
fine shade cloth frames were mounted under the light 
source, above the leaf chamber. The temperature of the leaf 
chamber was closely monitored and regulated using a Lauda 
RM-3 (Contolabor, Johannesburg) Multitemp water circu-
lator. 
Humidity regulation 
A pre-humidifier with a wet-and-dry bypass was incorpo-
rated into the gas flow system, between the pump and the 
ADC LCA-2 datalogger. The ADC LCA-2 datalogger re-
quires that all gas exchange measurements are taken on a 
dry-air bypass setting. To prevent stomatal closure in 
response to dry air, the leaf was allowed to acclimatize 
between readings for 15 min on the wet-air bypass setting. 
Relative humidity on this setting was maintained at approxi-
mately 68 - 70%. 
Photosynthetic response to CO2 
The Ale responses were investigated using bottled gas 
(Fedgas Alrode, Port Elizabeth, S.A.) with different COJ02 
concentrations balanced against nitrogen. The gas cylinders 
contained 1000 J.ll rl CO2 balanced with N2, with [02] of 0, 
4, 8, 16 and 21 %. AlC; responses at various temperatures 
were determined by decreasing the concentration of CO2 
stepwise to the lowest possible level, using two ADC GD-
600 gas diluters (Analytic Development Co. Ltd., 
Hoddesdon, Herts., U.K.), connected in line to the ASUM 
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mass flow-meter. Measurements of A were taken as [C02] 
decreased from 999 to 0 /LI rl. All data presented was 
calculated using IRCAL 2.0 (Botha & Brown 1991). 
Statistical analysis 
All experiments were repeated in triplicate and three 
readings were taken for each experimental condition. All 
data were subjected to a two-way analysis of variance 
(ANOVA, Statgraphics, Version 5.0, Statistical Graphics 
Corp., Maryland, USA), to test for differences in the mean 
light, temperature and COj02 ratios at the 5% level of 
significance. In addition, tests for the effect of [02] on net 
assimilation rates were conducted using F tests for the 
equality of the slopes and intercepts of the transformed 
regression curves from the Ale responses at the 5% level of 
significance. 
Results 
Light and temperature effects on photosynthesis 
Light curves of net assimilation versus increasing PPFD 
under different temperatures are presented in Figure 1. Assi-
milation rates at all temperatures (20, 25, 30 and 35°C) are 
curvilinear, as expected, and consist of two phases: an initial 
linear phase with a steep rise in A at PPFD below 400 /Lmol 
m-2 s- l , followed by a progressive decrease in slope with 
increased light intensity. This is most obvious at light 
intensities above 1200 /Lmol m-2s-l . At PPFD below 200 
/Lmol m-2 s-1, temperature appears to have little effect on net 
assimilation rates. No evidence of light saturation was 
apparent between 20 and 35°C, even at a high light intensity 
of 2000 /Lmol m-2s-1 PPFD. Comparison of the curves 
(Figure 1) showed that the photosynthetic performance of C. 
lachryma-jobi was reduced at low temperature, irrespective 
of light intensity. Maximum assimilation (Am ax ), approxi-
mately 24 /Lmol CO2 m-2 s-1, was attained between 30 and 
35°C. Amax declined to 15.00 /Lmol m-2s-1 at 20°C. How-
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Figure 1 Net assimilation rates (A, fLmol m-2s-l ) in C. lach-
ryma-jobi as a function of incident light intensity (PPFD, fLmol 
m-2s-1) at different temperatures in ambient air (T, 20; A, 25; 
., 30 and e, 35°C). 
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ever, all curves converged at 0 /Lmol m-2s-1, below the x-
axis, suggesting that C. lachryma-jobi undergoes dark respi-
ration. 
Apparent quantum efficiency 
There were no significant differences in the AQE (Table 1) 
values with increase in temperature, but a steady increase in 
net assimilation rate was observed (Figure 1). 
Ale; experiments 
The effects of varying internal C~ concentration (Cj ) on net 
assimilation rate at different temperatures and at a light 
intensity of 1200 /Lmol m-2s-1 PPFD are presented in 
Figures 2 - 5. The slope of the A/Cj curves, at varying temp-
erature and [02], show rapid initial increases in A, in 
response to substrate availability. Under the experimental 
conditions, assimilation rates were almost saturated for C j 
values between of 150 and 200 /Ll I-I at each temperature 
regime, but A continued to increase in response to increasing 
[C02] up to 600 /Ll rl. The curves were similar for each 
temperature and for [02] of 0,4, 8, 16 and 21 % (Figures 2 -
5). Table 2 shows the change in Amax values with tempera-
ture and [02], No significant difference within each temp-
erature regime was evident, except for those where 4% [02] 
was used. Results at this [02] were not consistent, despite 
repeated replications on different leaves. The CO2 
compensation point (r*) is generally considered to be 
indicative of photorespiratory activity (Bidwell 1979). 
However, r* did not change with increasing [~], regard-
less of temperature (Table 3). r* ranged between 0 and 12 
/Ll rl in all cases. 
Analysis of Ale; curves 
In an attempt to determine any apparent O2 inhibition, the 
data from Figures 6 - 9 were used to generate linear regres-
sion or double reciprocal plots of 1/A versus 1/Cj (Ku & 
Edwards 1977, 1978). Though it was not possible to calcu-
late the actual K j (02) and KM (C02) from the data generated 
by the double reciprocal plots, the type of slope obtained 
indicated the response to varying [Ch]. The double 
reciprocal plots of apparent rate of photosynthesis under 
Table 1 Maximum photosynthetic rate (Amax) and 
apparent quantum efficiency (AQE) [quantum yield not 
corrected for leaf absorptance (Botha & Russell 1988)] , 
determined at rate-limiting light intensities (2000 Ilmol 
m-2s-1 PPFD) under all temperature regimes for C. 
lachryma-jobi 
Temperature Amu . AQEh 
("C) (ILmol m-2s-1) (moles CO2 mole-quanta-1) 
20 15.00 0.0476 
25 21.45 0 .0482 
30 24.00 0.0478 
35 23.89 0.0484 
• Analysis of variance of Amu values showed significant difference in 
Amax values from 20 to 30°C but not between 30 and 3SoC; standard 
error of the mean (s.e.): 1.S129; P < O.OS . 
h For AQE there was no significant difference for all temperatures; 
s.e. : 3.24SSlE-4; P > O.OS. 
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Figure 2 Response of COz assimilation to intercellular CO2 at 
0, 4, 8, 16 and 21% O2 (N-balanced COz), at 1200 /-Lmol m-2s-1 
PPFD and at 20°C (e, 0; A, 4; T, 8; +, 16; *, 21 % O2). 
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Figure 3 Response of COz assimilation to intercellular CO2 at 
0, 4, 8, 16, and 21 % O2 (N-balanced CO2), at 1200 /-Lmol m-2s-1 
PPFD and at 2YC (e, 0; A, 4; T, 8; +, 16; *, 21 % O2), 
different [02] and at 20, 25, 30 and 35°C, respectively, 
suggested no inhibition of assimilation by oxygen. There 
were no significant differences between the slopes and 
intercepts of the regression curves (Figures 6 - 9), suggest-
ing that there was no apparent O2 inhibition in C. lachryma-
jobi. The F statistical p-values are recorded in Figures 6 - 9. 
The above response was further tested using ACE of the 
data presented in Figures 2 - 5, and the results are presented 
in Table 3. Statistical analysis of these data showed no sig-
nificant difference in ACE. The results presented in Table 3 
do not indicate O2• sensitivity in C. lachryma-jobi. 
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Figure 4 Response of CO2 assimilation to intercellular CO2 at 
0, 4, 8, 16 and 21 % O2 (N-balanced COz), at 1200 /-Lmol m-2s-1 
PPFD and at 30°C (e, 0; A, 4; T, 8; +, 16; *, 21 % Oz). 
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Figure 5 Response of CO2 assimilation to intercellular CO2 at 
0, 4, 8', 16 and 21 % O2 (N-balanced COz), at 1200 /-Lmol m-2s-1 
PPFD and at 3YC (e, 0; A, 4; T, 8; +, 16; *, 21 % O2), 
Discussion 
Light and temperature effects on photosynthesis 
Light curves and absolute values of A under conditions of 
thennal optimum were characteristic of typical C4 species 
(Burzyriski & Lechowski 1983; Grammatikopoulos & Mane-
tas 1990). No light saturation occurred over the ranges of 
temperature used (Figure 1). Whilst there were no signifi-
cant differences in Rd points in all curves, Amax between 30 
and 35°C was higher, approximately 24 J,Lmol m-2s-1, com-
pared to 15 J,Lmol m-2 s-1at 20°C. Amax observed in C. lach-
ryma-jobi between 30 and 35°C was not as high as for other 
S.AfrJ.Bot., 1993, 59(4) 
Table 2 Maximum net assimilation response of C. 
/achryma-jobi at varying [021 and constant PPFD (1200 
~mol m-2s-1) under all temperature regimes 
Temperature Am .. (J.Lmol m-2 s-l ), 
°C 0 4 8 16 21 
20 18.40b 17.60bc 18.55b 19.00b 18.15b 
25 22.98b 20.90bc 23.98b 21.711 b 23.71 b 
30 23.75 24.03 23.66 24.00 23.52 
35 24.11 22.78bc 23.99 24.68 25.05 
• 0, 4, 8, 16 and 21 are percentages of [021 in 1000 J.Ll I-I of CO2 
balanced with nitrogen. 
b These means show a significant difference with change in tempera-
ture from 20 to 35°C. 
C These means show a significant difference in means of Amu with 
changes in [021 ,i.e. P < 0.05. 
Table 3 Recorde.d ranges of apparent carboxylation 
efficiency (ACE, calculated at 150 ILl r 1, i.e. before the 
point of inflexion of the slopes of the A versus q 
relationships) and photosynthetic CO2 compensation 
points F*, at varying [C0.<J 1[0.<J , under all temperature 
regimes and at a PPFD of 1200 ILmol m-2s-1 
Temperature F* (J.LI rl) ACE 
°C 0- 21% [021 J.Lmol m-2s- l , 0 - 21 % [021 
20 4.0 - 10.0 0.123 - 0.128 
25 3.5 - 8.5 0.125 - 0.130 
30 4.5 - 12.0 0.127 - 0.129 
35 4.5 - 10.0 0.126-0.131 
C4 species, as reported by Black (1973), but the C4 photo-
synthetic optima for C. lachryma-jobi observed were similar 
to those reported by Berry and Bjorkman (1980) and Botha 
and Russell (1988). 
The effect of varying light intensity is thought to result in 
changes in amounts of RuBP and PEPC and in terms of 
feedback interaction between the C3 and C4 cycles in leaves 
of C4 plants during steady-state photosynthesis (Usuda 
1985; Leegood et al. 1989; Doncaster et al. 1989). The 
interdependence which exists between the C3 and C4 cycles 
relies mainly on the regeneration of PEPC from PGA after 
decarboxylation of malate in the bundle sheath cells 
(Leegood et al. 1989). In their study of C4 intermediates and 
their enzymes, Leegood et al. (1989) reported that the ratio 
of triose phosphate to PGA was drastically reduced at low 
light intensities. There is evidence to suggest that different 
forms of PEP exist at low and high light intensities 
(Leegood et al. 1989; Doncaster et al. 1989). It is not yet 
clear whether the two forms of PEP affect the overall 
carboxylation efficiency of C4 species, or whether they 
constitute an alternative means of adjusting to low light 
intensity (Hatch 1987; Doncaster et al. 1989). The low A 
observed in C. lachryma-jobi under low light intensities 
could, in part, be attributed to this. 
Clearly, light and temperature are inseparable as paramet-
ers affecting the photosynthetic machinery (Burzynski & 
Lechowski 1983). Many researchers have indicated that 
under conditions of low light, temperature plays little or no 
role in photosynthesis (Berry & Bjorkman 1980; Meidner 
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1986). This could in part explain the convergence of Rd 
values which seem not to be affected by temperature and 
converge at a near identical point below the light compen-
sation point (n in C. lachryma-jobi (Figure I), However, 
measurement of Rd may, under the experimental conditions, 
be beyond the sensitivity of the analysis system used. 
Nonetheless, as light increases, the temperature effects 
become apparent (Figure 1). Temperature affects the activity 
of ribulose bisphosphate carboxylase oxygenase (Rubisco) 
which is an unstable enzyme (Jordan & Ogren 1984). This 
enzyme will tend to be oxygenated rather than carboxylated 
at high light intensities and elevated temperatures (Brooks & 
Farquhar 1985; Woodrow & Mott 1988), causing a decrease 
in NAR. However, the calculated NAR of C. lachryma-jobi 
indicated no inhibition at high temperatures (Figure 1). 
Unlike RuBP, PEPC functions more efficiently at high light 
intensity and elevated temperature (Burzynski & Lechowski 
1983; Woodrow & Mott 1988), which would explain the 
higher photosynthetic performance in C. lachryma-jobi at 
high light intensities and temperatures. These factors could, 
in part, also explain the relatively constant AQE observed in 
C. lachryma-jobi under all temperature regimes (Table 1). 
The data presented in Table 1 indicate high AQE, which 
is typical of C4 species (Ehleringer & Bjorkman 1977). 
These results suggests that C. lachryma-jobi may, under 
short-term (6 h) experimental conditions, have limited 
ability. to acclimatize to low light and temperature. 
According to Ehleringer and Pearcy (1983) and Fitter and 
Hay (1987), the 'C4 advantage' in terms of chemical energy 
efficiency and CO2 assimilation, is increased at high light 
and temperature, but disappears at low light intensities and 
temperatures. 
Photosynthetic response to CO2 
Although the AICi response curves for C. lachryma-jobi 
(Figures 2 - 5) show saturation below 150 f.Ll r l , there is no 
evidence to support ~ inhibition either at 0 or 21 % [02], 
within each temperature regime. Controversy exists with 
regard to the response of C4 photosynthesis to [~] (Berger 
& Fock 1983; Edwards & Krall 1990). The results of this 
study support those of Morgan and Brown (1979), Monson 
et al. (1984) and Furbank et al. (1989). The lack of ~ 
sensitivity is clearly demonstrated by double reciprocal plots 
(Ku & Edwards 1977, 1978) of the apparent rate of photo-
synthesis at either 0 or 21% [02] (Figures 6 - 9). These 
figures indicate linear plots which are close to each other 
and cross the y-axis at near-identical points, which suggests 
that the apparent inhibitor constant Kj (02) at the active site 
of Rubisco was minimal and the carboxylation efficiency 
was increased irrespective of [02], These results are 
essentially in agreement with the earlier report by Ku and 
Edwards (1977). 
It is widely accepted that the 02:C~ ratio inside the 
chloroplast increases with increase in temperature, as solu-
bility of ~ in water is increased more than solubility of 
C~ (Jordan & Ogren 1984; Chen et al. 1988; Chen & 
Spreitzer 1992). Under these conditions, Rubisco will tend 
to be oxygenated rather than carboxylated, a situation which 
would be aggravated by an increase in [~] in the ambient 
air. These factors adversely affect carboxylation efficiency. 
However, C. lachryma-jobi's ACE values determined from 
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Figure 6 Double reciprocal plots of apparent rate of photo-
synthesis versus internal CO2 concentration at various [02] at 
20°C. For investigation of apparent ~ inhibition, values from 
steady-state gas exchange of Ale; relationship of Figure 2 were 
used (e, 0; A, 4; T, 8; +, 16; *, 21 % ~). Each point is a mean of 
three replicates . Test for significant differences in intercepts and 
slopes of the above regression lines showed that there were no sig-
nificant differences in both the slopes and intercepts at all [~] [F 
statistic (F) = 0.1647; degrees of freedom (df) = 7.81; P > 0.05]. 
.16 
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Figure 7 Double reciprocal plots of apparent rate of 
photosynthesis versus internal CO2 concentration at various [02] 
at 25°C. For investigation of apparent ~ inhibition, values from 
steady-state gas exchange of Ale; relationship of Figure 3 were 
used (e, 0; A, 4; T, 8; +, 16; *,21 % ~). Each point is a mean of 
three replicates. There were no significant differences in intercepts 
and slopes of the above regressions lines at all [~] (F = 0.163; 
df = 8.63; P > 0.05). 
the initial slopes of AlC; curves, show no statistically signifi-
cant differences under similar conditions (Table 3). The 
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Figure 8 Double reciprocal plots of apparent rate of photo-
synthesis versus internal CO2 concentration at various [02] at 
30°C. For investigation of apparent O2 inhibition, values from 
steady-state gas exchange of Ale; relationship of Figure 4 were 
used (e, 0; A, 4; T, 8; +,16; *, 21 % ~). Each point is a mean of 
three replicates. There were no significant differences in intercepts 
and slopes of the above regressions lines at all [~] (F = 0.174; 
df = 7.69; P > 0.05) . 
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Figure 9 Double reciprocal plots of apparent rate of 
photosynthesis versus internal C~ concentration at various [02] 
at 35°C. For investigation of apparent O2 inhibition, values from 
steady-state gas exchange of Ale; relationship of Figure 5 were 
used (e, 0; .a., 4; T, 8; +,16; *, 21 % ~). Each point is a mean of 
three replicates. There were no significant differences in intercepts 
and slopes of the above regression lines at all [02] (F = 0.164; 
df = 7.60; P > 0.05). 
oxygen insensitivity observed in C. lachryma-jobi can in 
part be attributed to high CO2 affinity of PEP carboxylase, 
the primary C~-fixing enzyme in C4 species, and the basic 
S.Afr.I.Bot., 1993, 59(4) 
combination of specialized Kranz anatomy with biochemical 
reactions which helps to pump and concentrate COz in the 
bundle sheath cells (Hatch 1987; Furbank et al. 1989). This 
results in COz saturation of Rubisco and enhanced net 
assimilation rates (Kriedemann & Downton 1981; Newton 
1991). These factors are considered important in explaining 
the insignificant difference observed in ACE of C. lach-
ryma-jobi at either 0 or 21 % [02]. Thus, the use of double 
reciprocal plots and ACE serves as a useful measure of the 
apparent inhibition of photosynthesis by Oz concentration. 
Conclusions 
The gas exchange characteristics of C. lachryma-jobi 
presented in this paper do not represent the entire spectrum 
of parameters associated with whole-leaf photosynthesis. 
However, we have quantified the interaction between the 
major parameters (i.e. light, temperature, [COz] and [Oz]) 
affecting net assimilation rates under controlled conditions. 
However, quantitative research under field conditions (i.e. 
where light intensity, temperature and soil water potential 
cannot be regulated) is essential in order to provide a more 
comprehensive ecophysiological model for this species. 
Models of whole-leaf photosynthesis enhance our under-
standing of the underlying processes involved in photo-
synthesis and the interactions which control net assimilation. 
The data presented here thus contribute to our understanding 
of photosynthesis in sub-tropical C4 species. 
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